Five known cycloartane-type glycosides were isolated from the roots of A. tmoleus Boiss. var. tmoleus. The identification of these compounds was mainly achieved by 1D and 2D NMR spectroscopic techniques and FABMS. The results of our studies confirm that triterpene saponins with the cycloartane-type skeleton might be chemotaxonomically significant for the genus Astragalus.
Astragalus L. (Fabaceae) is a genus widely distributed throughout the temperate regions of the world, located principally in Europe, Asia and North America. In Turkey there are about 380 species, the majority in the Irano-Turanian region [1] . Several Astragalus species are used as medicinal plants, especially A. membranaceus, which is the one most widely used and studied; it is officially listed in the Chinese Pharmacopoeia. Roots of these plants are used in Turkish folkloric medicine as an antiperspirant, diuretic, and tonic drug and for the treatment of diabetes mellitus, nephritis, leukemia, and uterine cancer [2] . Earlier investigations of Turkish Astragalus species resulted in the isolation of 45 cycloartane glycosides including five different aglycones and about 30 new compounds [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] .
In our continuing search for bioactive saponins from the genus Astragalus [13, 14] , we report here the isolation and characterization of five known cycloartane-type saponins (astrasieversianins I and II, astragaloside IV, cyclocephaloside II and acetylastragaloside I) from the roots of A. tmoleus Boiss. var. tmoleus and their significance from a chemotaxonomic point of view. Up to now, no phytochemical investigation of the saponins of this Astragalus species has been reported.
The saponins were extracted from the roots of A. tmoleus and purified by several solid-liquid chromatographic steps. The isolated compounds were unambiguously identified by 2D NMR spectroscopy and mass spectrometry (FAB) as: cycloastragenol-3-O -( 2 ' , 3 ' , 4 ' -t r i -O -a c e t y l ) -β -D -x y l o p y r a n o s y l -6 -O -β -Dxylopyranoside (astrasieversianin I) [15] [16] [17] [18] [20] , and cycloastragenol-3-O -( 2 ' , 3 ' , 4 ' -t r i -O -a c e t y l ) -β -D -x y l o p y r a n o s y l -6 -O -β -Dglucopyranoside (acetylastragaloside I) [19, 21] . All spectroscopic data were in agreement with those previously reported.
Chemotaxonomic significance: According to the APG III (2009) classification [22] , four families belong to the Fabales order, Fabaceae, Polygalaceae, Quillajaceae and Surinaceae. Among them, Fabaceae is the only family containing cycloartane-type (9,19 cyclo-lanostane) triterpenoids, which are common in the genus Astragalus [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Our results confirm that triterpene saponins with a cycloartane-type skeleton might be chemotaxonomically significant for the genus Astragalus [19] . Although the five isolated saponins have previously been isolated from three species of Astragalus, astrasieversianins I-II from A. sieversianus Pall. [15] , astragaloside IV and acetylastragaloside I from A. membranaceus Bunge [19] , and cyclocephaloside II from A. microcephalus [20] , it is the first time that these compounds have been reported from A. tmoleus Boiss. var. tmoleus. 
Experimental

Extraction and isolation:
Dried, ground roots of A. tmoleus (1000 g) were extracted with n-hexane, CH 2 Cl 2 and MeOH (4 x 5 L) at room temperature, respectively, yielding 1.41 g of n-hexane extract, 5.51 g of CH 2 Cl 2 extract and 80 g of MeOH extract, after evaporation of the solvent. Then, the MeOH extract was dissolved in H 2 O (500 mL), and partitioned against H 2 O-saturated n-BuOH (7x300 mL) yielding a n-butanol fraction (71 g) and a water fraction (6.5 g). The CH 2 Cl 2 extract was submitted to normal phase silica Fr. C.8 (81.4 mg) was separated by CC (system a) yielding 1 (45.9 mg). Fr. D.6.5 and Fr. D.7.4.5 were combined giving the new fraction Fr.X (199.1 mg), which was fractionated by CC on silica gel 60 (system a) affording 4 (27.09 mg) and 5 (11.67 mg). Sub-Fr. D.7.9 (335.6 mg) was further separated by CC on silica gel 60 (system a) giving compound 2 (25.5 mg).
